Introduction
============

Angiogenesis, the process by which new blood vessels are formed from existing vessels, is considered crucial for the growth of malignant tumors [@B1], [@B2]. Since the 1990s, several studies have shown that angiostatin, an angiogenesis inhibitor, potently inhibits angiogenesis and the proliferation and migration of endothelial cells *in vitro* and *in vivo*. For this reason, a large number of angiogenesis inhibitors have entered clinical trials [@B3], [@B4].

Angiomotin (Amot) belongs to the motin family of angiostatin-binding proteins and is characterized by conserved coiled-coil domains and C-terminal PDZ-binding motifs. Alternative splicing allows the encoding of different Amot isoforms by multiple transcript variants. The Amot family contains Amot (p80 and p130 isoforms), Amot-like protein 1 (Amotl1), and Amot-like protein 2 (Amotl2). The expression of Amot differs spatially and temporally, and has a tissue- and cell-specific pattern. The level of Amot changes from embryogenesis to adulthood. The protein is expressed predominantly in endothelial cells of capillaries and in larger vessels of the placenta, where it may mediate the inhibitory effect of angiostatin on tube formation and migration of endothelial cells toward growth factors during the formation of new blood vessels. Therefore, it is commonly accepted that Amot genes are tumor suppressors. However, recent studies suggest that Amot is actually an oncogene that can regulate many tumor cell processes [@B5], [@B6]. There is conflicting evidence and a growing debate on the function of Amot in tumors. This review investigates the role of Amot in cancers, with an emphasis on the discovery, structure, expression, location, and function of these molecules.

Discovery, Structure, Expression, and Location of Amot
======================================================

In 2001, Troyanovsky used a construct encoding kringle domains 1-4 of angiostatin to screen for angiostatin-binding peptides using a placenta yeast two-hybrid cDNA library. The cDNA contained a 2,025-bp open reading frame predicted to encode a 675-amino acid protein with an estimated molecular mass of 72 kD, and this protein was designated angiomotin [@B7]. Subsequent analysis of GenBank databases identified two additional polypeptides that had a high sequence homology to Amot: Angiomotin-like 1 (Amotl1, a.k.a. JEAP) and Angiomotin-like 2 (Amotl2, a.k.a. MASCOT) [@B4], [@B5]. In 2006, Ernkvist identified a 130-kDa splice isoform of Amot that was expressed in different cell types, including vascular endothelial cells and placental cytotrophoblasts [@B1], [@B8], [@B9].

Three members of the Amot family have been identified to date: Amot (p80 and p130 isoforms), Amotl1, and Amotl2. Amot-p80 (NCBI Accession Code NM_133265) has 675 amino acids and an estimated molecular mass of 80 kDa. Amot-p130 (NCBI Accession Code NM_001113490) has 1084 amino acids and an estimated molecular mass of 130 kDa. Amotl1 (NCBI Accession Code NM_130847) has 956 amino acids and a predicted molecular mass of 106 kDa. Amotl2 (NCBI Accession NM_016201) has 780 amino acids and a predicted molecular mass of 86 kDa. Each of these proteins contains conservative coiled-coil domains and one C-terminal PDZ domain. In addition, three L/P-PXY motifs (106-109 aa in LPTY; 239-242 aa in PPEY, and 284-287 aa in PPEY) are located in the N-terminus of Amot-p130. The L/P-P-X-Y motifs are present in Amotl1 and Amotl2 and are highly conserved, except for the third L/P-P-X-Y motif, which is not conserved in Amotl2. However, these motifs are not present in the short isoform of Amot-p80 (Fig. [1](#F1){ref-type="fig"}) [@B10].

Several studies have evaluated the expression of endogenous Amot family members in many cell lines (Table [1](#T1){ref-type="table"}). Endogenous Amot proteins are primarily expressed in endothelial cells (MAE, MS-1, PmT-EC, and HUVEC cells), epithelial cells (HEK293, HEK293T, MDCK, MCF-10A, and HK-2 cells), and some cancer cells (Hela, MCF-7, MDA-MB-468, BC52, MG-63, C4-2B4, 786-o, ACHN, and LCC cells). However, the Amot isoforms identified in the above cell lines are distinct.

Moreover, in epithelial and endothelial cells, all Amot isoforms are localized to cell tight junctions (TJs) and play an important role in the apical-basal polarity and stability of the cytoskeleton. Apical-basal polarity involves the interaction of various cell junction complexes, including adherens junctions (AJs), gap junctions, desmosomes, basal lamina hemidesmosomes, and apical TJs [@B11], [@B12]. Some studies have shown that all Amot family proteins can interact with Patj at the TJs [@B13], [@B14]. Specifically, in epithelial cells (including endothelial cells, HEK 293T cells, L cells, and MDCK cells), either endogenous or exogenous Amot-p80, Amot-p130, Amotl1, and Amotl2 are located to F-actin at the TJs [@B8], [@B15]-[@B18] (Table [1](#T1){ref-type="table"}). However, in HEK 293 cells, SC4 cells, and some cancer cells, endogenous Amot-p130 and Amot-p80 are found in the nucleus of cells, whereas exogenous Amot is expressed in the cytoskeleton and cytoplasm (Table [1](#T1){ref-type="table"}) [@B5], [@B6], [@B19].

In summary, in epithelial and endothelial cells, Amot is localized primarily to the cytoskeleton. In most cancer cells, endogenous Amot is localized to the nucleus and exogenous Amot is expressed in the cytoskeleton and cytoplasm. The reasons may be that: 1. The three Amot proteins could not be detected using available antibodies at the time; 2. The type, state, and environment of cells are different, including their process and density; and 3. Endogenous and exogenous Amot are located in various cell regions. However, it is not known whether the different expression patterns and cell-specific features lead to multifunctional roles.

Function of Amot in normal epithelial cells
===========================================

Previous studies reported that Amot mediated the inhibition of migration and tube formation of endothelial cells by angiostatin [@B7]. Amot family proteins share similar functions because of their structural similarities. However, some studies have shown that different Amot isoforms play specific roles in different cell types. In some cases, studies from different research groups reported contradictory findings in the same cell line, suggesting that isoforms, cell types, and experimental conditions could significantly affect the function of Amot. Table [2](#T2){ref-type="table"} summarizes the functions of Amot family members in normal cells.

Amot-p80 regulates tube formation and migration of endothelial cells
====================================================================

The analysis of *in vivo* data indicates that Amot isoforms are differentially expressed during angiogenesis. Amot-p80 is expressed in the placenta from embryonic day (E) 11 to the end of gestation, whereas Amot-p130 is expressed in the placenta from E13 to E16 [@B8]. The analysis of Amot expression in the retina at different postnatal stages indicated that Amot-p80 was highly expressed between postnatal day (P) 3 and P5. However, Amot-p130 was expressed after P7. This result suggests that Amot-p80 is primarily expressed in the early stages of blood vessel formation, during which the major function of endothelial cells is to migrate, whereas Amot-p130 is expressed during the stages of stabilization and maturation of blood vessels [@B20]. In addition, Amot-p80 regulates the function of Amot-p130. In MDCK cells, Amot-p80 expression results in the translocation of Amot-p130 from TJs, thereby inhibiting the stabilizing function of Amot-p130 [@B20].

Amot-p80 primarily regulates the migration of endothelial cells. The expression of Amot-p80 in mouse aortic endothelial (MAE) cells increases cellular migration and induces a migratory phenotype [@B7], [@B8]. Moreover, in healthy non-obese rats, exercise-induced angiogenesis may involve an increase in the expression of Amot-p80 [@B21].

Amot-p130 plays a major role in the control of cell shape
=========================================================

In MAE cells, Amot-p130 is predominantly localized to TJs (E-cadherin and Claudin-1) and regulates cytoskeleton organization and cell shape through the N-terminal region of the protein. However, Amot-p130 does not promote cell migration and does not respond to angiostatin [@B8], [@B20]. However, in HEK293 cells, Amot-p130 binds to F-actin at TJs. Phosphorylated Amot-p130 proteins are not localized to TJs and inhibit stress fiber and focal adhesion formation, suggesting that the phosphorylation of Amot inhibits cell migration [@B22].

Amotl1 controls cell polarity and cell-cell junctions of endothelial cells
==========================================================================

Amotl1 and Amot (Amot-p80 and Amot-p130) have similar effects on endothelial migration and TJ formation. Amotl1 shares many features with Amot-p130, including co-localization to F-actin at TJs [@B9], [@B23]. Moreover, Amotl1 controls cell polarity and paracellular permeability during zebrafish embryogenesis. The knockdown of Amotl1 causes vascular deficiency during zebrafish embryogenesis [@B15]. Amotl1 interacts with Amo-p80 through its coiled-coil domain and increases the rate of migration of MAE cells [@B15], [@B23]. Furthermore, Amotl1 regulates the function of YAP, pericyte morphology, and coverage of blood vessels [@B24], [@B25].

Amotl2 regulates the EMT of epithelial cells and involvement of podosomes in muscle cells
=========================================================================================

The expression of Amotl2 is cell-type and tissue-specific. Amotl2 is predominantly expressed in the heart and skeletal muscle and was not detected in any cell type of hematopoietic origin investigated (U937, K562, PLB) [@B26]. Amotl2 regulates cytoskeletal organization and apical TJs [@B27]. Amotl2 knockdown inhibits cell proliferation and migration and disrupts cell polarity in cultured human umbilical vein endothelial cells and MAE cells [@B28], [@B29]. However, some studies show that the knockdown of Amotl2 leads to the over-proliferation and increase in the size of the lateral line primordium (LLP), thus affecting the final pattern and size of sensory organs [@B30]. Moreover, in mammary epithelial cells (MCF10A), the downregulation of Amotl2 promotes changes in cell morphology and epithelial-mesenchymal transition (EMT) [@B31], [@B32]. Amotl2 also plays a crucial role in synaptic maturation by regulating the involvement of podosomes in muscle cells [@B33], [@B34]. In addition, under hypoxia conditions, cells preferentially express the Amotl2 isoform. Mojallal *et al*. found that hypoxia regulated AmotL2 by increasing the binding of c-Fos. C-Fos can bind to the Amotl2 promoter to mediated AmotL2 transcription [@B27].

The degradation of Amot requires E3 ligases, but different Amot isoforms require different E3 ligases. The WW domains of Nedd4-like ubiquitin E3 ligases (Nedd4, Nedd4-2, and Itch) bind to the L/P-PXY motifs of Amot and subsequently target Amot-p130 and Amotl1 for ubiquitin-dependent degradation. However, Nedd4 does not affect the protein levels of Amotl2 and Amot-p80. Amotl2 has a tyrosine-to-phenylalanine substitution in the third L/P-P-X-Y motif compared to p130-Amot and Amotl1, which suggests that the third L/P-P-X-Y motif in the N-terminal region may be necessary for Nedd4-mediated degradation [@B10]. Tankyrase binds and targets Amotl2 for ubiquitin-dependent degradation [@B35]. Therefore, tankyrase inhibitors stabilize Amot proteins [@B35], [@B36]. In addition, E3 ligase HECW2 physically interacts with Amotl1 and enhances its stability [@B37].

In summary, distinct Amot isoforms play specific roles in normal epithelial cells. Amot-p80 regulates tube formation and migration of endothelial cells, whereas Amot-p130 plays an important role in the control of cell shape. Amotl1 controls cell polarity and cell-cell junctions of endothelial cells. Amotl2 regulates the EMT of epithelial cells and the involvement of podosomes in muscle cells.

Role of Amot in cancer
======================

The cytoplasmic and nuclear expression of Amot proteins has been demonstrated in various tumors and cell lines. However, there is a debate about whether Amot is an oncogene or a tumor suppressor gene. Table [3](#T3){ref-type="table"} summarizes the functions of Amot family members in cancers. In this section, we comprehensively review the functional role of Amot in cancers.

Amot proteins are overexpressed in some tumors and promote tumor cell proliferation and invasion. Below we review the oncogenic roles of Amot in cancers.

Breast cancer
-------------

Breast cancer tissues express significantly higher levels of Amot transcripts compared with normal mammary tissues. The levels of Amot are significantly higher in grade 2 and grade 3 tumors compared to grade 1 tumors. Furthermore, high levels of Amot transcript are associated with shorter overall survival. The expression levels of Amotl1 and Amotl2 are non-significantly higher in tumors than in normal tissues [@B38]. Similarly, immunohistochemistry shows that Amot is highly expressed in breast cancer tissues, particularly in the center of these tissues, compared with adjacent non-cancerous tissues. In addition, the expression levels of Amot were increased in specimens from patients with a high level of Ki-67, which is an immunohistochemical proliferation marker in many types of cancer [@B19]. Furthermore, the downregulation of Amot decreases the growth and invasion of MCF-7 cells *in vitro* [@B19], [@B39]. The expression of YAP, YAP/TAZ, and LATS1 is significantly decreased in MCF-7 cells following the knockdown of Amot. Moreover, the expression of YAP is obviously decreased in the nucleoprotein [@B19]. The expression of Amot-p80 enhances the ERK1/2-dependent proliferation of MCF7 cells [@B40]. The results of a large cohort of human breast tumors indicate that Amotl1 protein levels are upregulated during cancer progression and that Amotl1 expression is upregulated in tumors with ER-negative status. Moreover, Amotl1 expression stimulates the proliferation and migration of breast cancer cells (MDA-MB-468 cells) [@B41]. Amotl1 promotes the proliferation of breast cancer cells *in vitro* and *in vivo* by stimulating Src activity, possibly by localizing it to specific domains where it can be activated. The elevated activity of c-Src tyrosine kinase, which is also known as proto-oncogene tyrosine-protein kinase Src, may be linked to cancer progression by stimulating other signaling pathways [@B41]. In summary, Amot and Amotl1 act as oncogenes in breast cancer and play a major role in the activity of YAP, ERK1/2, and Src.

Moreover, some vaccines against Amot-p80 have been studied for cancer therapy. Holmgren found that Amot administered via DNA vaccination could inhibit pathological angiogenesis and tumor growth in BALB/C mice [@B42]. The period of onset of breast cancer in BALB-neuT female offspring born from and fed by pAmot-vaccinated mothers was significantly delayed compared to female offspring born from and fed by control vaccinated mothers [@B43].

Colon cancer
------------

The expression of Amotl2 increases in more than 50% of colon cancers (Dukes B-C). Kaplan-Meier analysis indicates that Amotl2 is associated with shorter overall survival and is a marker of poor prognosis in colon cancer. Furthermore, Amotl2 promotes tumor formation and invasion *in vivo* [@B27] and disrupts apical-basal sorting of membrane proteins by mislocalizing the Par3 and Crb3 polarity complexes, promoting cell invasion [@B27]. In summary, Amotl2 acts as an oncogene in colon cancer by disrupting the apical-basal polarity.

Hepatic carcinoma and renal cell cancer
---------------------------------------

After liver injury, Amot deletion impedes the proliferation of biliary epithelial cells and tumorigenesis. Amot-p130 promotes the nuclear translocation of YAP and the consequent proliferation of Nf2-deficient cells by inhibiting the interaction between YAP and Lats1/2 [@B5]. In renal cell cancer (RCC), Amot is expressed predominantly in the nucleus of RCC cells and tissues, and in the cytoplasm and nucleus of renal epithelial cells and paracancerous tissues. Furthermore, the silencing of Amot inhibits the proliferation of non-tumor renal epithelial HK-2 and RCC 786-O cells, whereas the upregulation of Amot triggers the proliferation of ACHN cells [@B6]. In hepatic carcinoma and RCC cells, the expression of Amot-p130 increases the expression of nuclear YAP, CTGF, and Cyr61, and acts as a YAP cofactor, preventing YAP phosphorylation and augmenting its activity toward a specific set of genes that facilitate tumorigenesis [@B5], [@B6]. In summary, Amot-p130 acts as an oncogene in hepatic carcinoma and RCC by augmenting the activity of YAP.

Osteosarcoma, prostate cancer, head and neck squamous cell carcinoma, and cervical cancer
-----------------------------------------------------------------------------------------

In osteosarcoma, Amot mRNA expression is upregulated compared with normal tissues and cells. The downregulation of Amot suppresses cell proliferation, migration, and invasion [@B44], [@B45]. In prostate cancer cells, Amot-p80 has been shown to be a novel component of the Cad11 complex and increases cell migration and tumor growth [@B46]. In head and neck squamous cell carcinoma (HNSCC) cells, the transient transfection of Amot-p80 induces an increase in the proliferation and migration of HNSCC cells [@B47]. In Hela and C33A cells, the knockdown of Amotl1 inhibits cell migration, whereas the overexpression of Amotl1 stimulates cell migration [@B48]. In summary, Amot family members as oncogenes in osteosarcoma, prostate cancer, head and neck squamous cell carcinoma, and cervical cancer, but the mechanism is unclear until now.

On the other hand, in some cancer cell lines, Amot inhibits cell proliferation and invasion. Below we review the tumor suppressor roles of Amot in cancers.

Glioblastoma
------------

In primary glioblastoma cells, the overexpression of Amotl2 in U87 cells inhibits foci formation, growth, and metastasis *in vitro* and *in vivo*. In U87 cells, Amotl2 binds to YAP, inhibits nuclear translocation and the subsequent activation of YAP target genes, and reduces cell proliferation and invasion [@B49]. In summary, Amotl2 acts as a tumor suppressor in glioblastoma cells by inhibiting the activation of YAP target genes.

Ovarian cancer and lung cancer
------------------------------

In ovarian cancer, the overexpression of Amot-p130 inhibits the growth and soft agar colony formation of ovarian cancer cells *in vitro* [@B50]. In lung cancer, Amot expression is significantly decreased in clinical lung cancer and highly proliferative and invasive lung cancer cells (LCC). Furthermore, the knockdown of Amot-p130 in lung cancer cell lines promotes cancer proliferation, migration, invasion, and EMT [@B51]. In ovarian serous cancer cells (OVCAR3 and OAW28) and LCC, the knockdown of Amot-p130 promotes cancer progression by decreasing cytoplasmic sequestration and increasing the nuclear translocation of oncogenic co-activators YAP/TAZ, leading to the increase in the expression of Cyr61, which is a YAP target gene [@B50], [@B51]. In summary, Amot acts as a tumor suppressor in ovarian cancer and lung cancer by inhibiting the activation of YAP target genes.

Lymphoma
--------

A somatic variant of Amotl1 has been identified in a pediatric case of nodal marginal zone lymphoma. However, Amotl1 mutations were not observed in pediatric cases of follicular lymphoma [@B52].

In summary, the knockdown of Amot decreases cellular proliferation and migration in breast cancer, osteosarcoma, colon cancer, prostate cancer, head and neck squamous cell carcinoma, cervical cancer, liver cancer, and RCC. However, in primary glioblastoma, ovarian cancer, and LCC, Amot inhibits cellular growth and migration. The difference may be due to the following reasons: 1. The function of Amot is cell-specific and tissue-specific; 2. The expression pattern of Amot proteins differs in the cell, i.e., most of the endogenous Amot is present in the nucleus [@B5], [@B6], [@B19], whereas exogenous Amot is usually expressed in the cytoplasm [@B5], [@B49]; 3. Amot isoforms assume distinct functions. Moreover, several other mechanisms may cause this phenomenon, including Hippo-YAP and ERK signaling pathways. In most reports, Amot acts as an oncogene or a tumor suppressor in tumor cells by augmenting or inhibiting the activity of YAP. Recently more and more studies have been primarily focused on the regulatory role of Amot in Hippo-YAP signaling. Below we review the relationship between Amot and YAP.

Amot regulates Hippo signaling pathway
======================================

The Hippo signaling pathway is involved in an evolutionarily conserved kinase cascade and regulates cell fate determination, including tumorigenesis [@B53]. The pathway is composed of a core kinase cascade, in which Mst1/2 kinases, upon interaction with scaffold protein WW45, phosphorylate LATS1/2 and Mob1. Phosphorylated LATS1/2 binds to and further activate Mob1 kinase, which in turn, phosphorylates the transcriptional coactivator YAP. The phosphorylation of YAP prevents it from entering into the nucleus, where it can form transcriptionally active complexes with TEAD and other transcription factors to drive the expression of pro-proliferative or anti-apoptotic genes. Amot-p130, Amotl1, and Amotl2---but not Amot-p80---interact with the WW domains of YAP via PPxY motifs [@B54]. However, there is a debate on the regulation of YAP by Amot (Figure [2](#F2){ref-type="fig"}).

First, some studies reported that Amot acts as a YAP cofactor, preventing YAP phosphorylation and augmenting its activity toward a specific set of genes that facilitate tumorigenesis. Amot facilitates the nuclear entry and transcriptional activity of YAP and is required in the liver for ductal cell proliferation and tumorigenesis in response to liver injury or Nf2 deletion [@B5]. In addition, Amotl1 translocates to the nucleus, in a complex with YAP, promoting proliferation and hypertrophy of cardiomyocytes [@B55].

Second, in HEK293 cells, the coiled-coil (CC) domain of Amot interacts with the helical region between the FERM domain and the inhibitory CTD of Merlin. Amot binds to and activates Merlin. Both Merlin and Amot are present at the AJs and allow Hippo signaling to occur [@B56].

Third, in HEK293T cells, Amotl1, Amotl2, and Amot130 promote LATS2 phosphorylation of YAP in the cytoplasm and inhibit the activity of YAP [@B17].

Fourth, in HEK 293 cells, LATS can synergize with F-actin perturbations by phosphorylating Amot and preventing it from associating with F-actin. Through phosphorylation by LATS1/2, Amot binds to ubiquitin ligase atrophin-1 interacting protein (AIP)4. The Amot130-AIP4 complex promotes the ubiquitination and degradation of YAP and consequently inhibits YAP-dependent transcription and cell growth [@B5], [@B22], [@B57].

Fifth, in MDCK cells, Amot recruits YAP/TAZ to various compartments, including TJs and F-actin. F-actin and YAP compete for binding to Amot. The knockdown of Amot activates YAP---as indicated by the decreased localization of YAP to TJs---attenuates YAP phosphorylation, increases the amount of YAP in the nucleus, and induces the expression of the YAP target gene [@B58], [@B59].

Sixth, in MCF7 and 10A cells, Amot binds YAP to the actin cytoskeleton. The overexpression of Amot and Amotl1 causes the cytoplasmic retention of TAZ and suppresses its transcriptional outcome, including the expression of CTGF and Cyr61 [@B60], [@B61]. Similarly, the overexpression of Amotl2 in H441 cells induces a significant translocation of TAZ from the nucleus to the cytoplasm [@B62].

Other signaling pathways
========================

In addition to the Hippo signaling pathway, other pathways control Amot proteins. Any alterations in signaling can change the function of Amot.

AMPK signaling pathway
----------------------

AMP-activated protein kinase (AMPK) is a metabolic sensor ubiquitously expressed in various species. Cellular AMPK is phosphorylated and activated under certain stress conditions, such as energy deprivation, and in turn, activates several downstream substrates to modulate adaptive changes and maintain metabolic homeostasis. Some evidence has demonstrated the potential role of AMPK signaling in tumor initiation and progression [@B63]. In HEK 293A cells, AMPK stabilizes and increases the levels of Amotl1 steady-state proteins by directly phosphorylating Ser793 of Amotl1, inhibiting cellular proliferation, and increasing survival [@B64].

mTOR pathway
------------

Mammalian/mechanistic target of rapamycin (mTOR) is a serine-threonine kinase that controls several functions in mammalian cells. mTOR affects translation, transcription, protein degradation, cell signaling, metabolism, and cytoskeleton dynamics. mTOR also participates in tumorigenesis [@B65], [@B66]. In glioblastoma cells, mTORC2 interacts and phosphorylates Amotl2. Phosphorylated Amotl2 cannot bind to YAP and increases the nuclear entry and transcriptional activity of YAP, leading to enhanced cellular growth and invasiveness [@B49].

Wnt signaling pathway
---------------------

Wnt is a key signaling cascade involved in the regulation of cellular development and stemness, and is strongly associated with cancer. The role of Wnt signaling in carcinogenesis has been described for many types of cancer, including colorectal cancer and pancreatic ductal adenocarcinoma [@B67]. In zebrafish, the transfection of Amotl2 or other motin genes attenuates Wnt/β-catenin signaling, whereas the co-knockdown of three human motin genes upregulates Wnt/β-catenin signaling. Amotl2 blocks the accumulation of β-catenin in the nucleus by maintaining it in cytoplasmic punctate structures via the N-terminal glutamine-rich and middle coiled-coil domains, thus limiting cellular proliferation [@B30], [@B68], [@B69].

MAPK/ERK signaling pathway
--------------------------

The generic mitogen-activated protein kinases (MAPK) signaling pathway is shared by four distinct kinase cascades, including the extracellular signal-related kinases (ERK1/2), Jun amino-terminal kinases (JNK1/2/3), p38-MAPK, and ERK5. The MAPK/ERK pathway is associated with cell proliferation, differentiation, migration, senescence, and apoptosis [@B70]. In endothelial cells, Amotl2 promotes MAPK/ERK activation and plays a pivotal role in cell polarity, migration, and proliferation [@B29]. In addition, Amot may enhance ERK and AKT signaling and promote the proliferation of renal epithelial, RCC, and colon cancer cells [@B6], [@B71]. However, contrary to the results in other cell types, Amotl2 inhibits the AKT and ERK pathways in MCF 10A cells [@B31].

MicroRNAs
---------

MicroRNAs (miRNAs) can regulate various pathways involved in the development of tumors by targeting oncogenes and tumor suppressor genes. Studies show that miRNAs directly target the 3′ untranslated regions of Amot mRNAs and regulate reporter gene expression, and MiR-497 and MiR-205 regulate Amot proteins in some cancer cell lines, including osteosarcoma and breast cancer cells. MiR-497 and MiR-205 significantly inhibit the proliferation and invasion of cancer cells by decreasing the expression of Amot [@B39], [@B45]. Similarly, miR-124 and MiR23b inhibit angiogenesis and tube formation of endothelial cells by decreasing the expression of Amot [@B48], [@B72].

Conclusion and future directions
================================

Amot, an angiostatin binding protein, plays a critical role in angiogenesis, proliferation, and migration of cancer cells and endothelial cells *in vitro* and *in vivo*. The three members of the Amot family have different tissue- and cell-specific expression patterns and assume distinct functions in different cell types. Amot-p80 regulates tube formation and migration of endothelial cells. Amot-p130 controls cell shape. Amotl1 regulates cell polarity and cell-cell junctions. Amotl2 regulates the EMT and involvement of podosomes. However, there is a debate about whether Amot is an oncogene or a tumor suppressor gene. In most cancers, Amot proteins promote the proliferation and invasion of tumor cells, including breast cancer, osteosarcoma, colon cancer, prostate cancer, HNSCC, cervical cancer, liver cancer, and RCC. However, Amot inhibits cellular growth in lung cancer, glioblastoma, and ovarian cancer.

Moreover, there is strong evidence that Amot regulates YAP, a key downstream transcriptional co-activator of Hippo signaling pathway, which can trigger the proliferation of tumor cells. However, it is unknown whether Amot allows YAP to enter into the nucleus or to remain in the cytoplasm. In addition to the Hippo signaling pathway, Amot regulate the Wnt and MAPK/ERK signaling pathway. One hand, Amot promotes the proliferation and invasion of tumor cells as an oncogene by facilitating the nuclear entry of YAP and MAPK/ERK activation in some cancers. On the other hand, Amot inhibits cellular growth as a tumor suppressor gene by causing the cytoplasmic retention of YAP andβ-catenin in some cancers. In short, in different cell types, Amot play distinct functions by different mechanisms. The reasons may be that: 1. Amot family contains three members and Amot isoforms may assume distinct functions. But in many reports, Amot isoforms were not distinguished. 2. The expression pattern of Amot proteins differs in different cell types, the endogenous Amot is present in the nucleus, whereas exogenous Amot is usually expressed in the cytoplasm. 3. The function of Amot is distinct in different cell types and cellular processes.

Therefore, more studies are required to elucidate the role of Amot in tumors in the future study. On the basis of the above review, new questions arise: Firstly, which Amot family member is predominantly expressed in tumor cells should be identified. Secondly, does Amot play distinct roles in tumor cells and non-tumor epithelial cells? Thirdly, what are the specific mechanisms and conditions under which Amot regulates the dual role of YAP? Fourthly, what is the upstream regulator of Amot? Is Amot involved in the crosstalk between the Hippo, AMPK, Wnt, MAPK/ERK, and mTOR signaling pathways?
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![Domain structures of proteins from the Amot family (Amot-p80, Amot-p130, Amotl1, and Amotl2).](ijbsv13p0772g001){#F1}

![Schematic models for YAP regulation by Amot. (A). Amot-p130 facilitates the nuclear entry and transcriptional activity of YAP, promoting the transcription of TEAD-target genes. (B) Amot binds to Merlin at the tight junctions and phosphorylates Mst1/2, LATS1/2, and Mob1. Phosphorylated LATS1/2 phosphorylates YAP, which promotes the ubiquitination and degradation of YAP. (C) Amot promotes the phosphorylation of YAP by LATS2 in the cytoplasm, leading to YAP degradation. (D) LATS-mediated phosphorylation of Amot promotes the interaction between Amot and YAP and subsequent degradation of YAP. (E) F-actin and YAP compete for binding to Amot at the tight junctions. Amot binds to YAP and maintains in the cytoplasm. (F) Amot physically interacts with YAP leading to localization to the actin cytoskeleton.](ijbsv13p0772g002){#F2}

###### 

The expression and location of Amot family members

  --------------------------------------------------------------------
  Cell lines       Isoform              Location            Ref.
  ---------------- -------------------- ------------------- ----------
  Endothelial                                               

  **MAE**\         Amot-p80(Ex)         Cytoskeleton        \[8,16\]

  Amot-p130(Ex)    Cytoskeleton         \[8,16\]            

  Amotl1(En)       Cytoskeleton         \[15\]              

  **MS-1**\        Amot(En)             Cytoskeleton        \[15\]
  \                                                         

  Amotl1(En)       Cytoskeleton         \[15\]              

  Amotl2\*En)      TJs                  \[18\]              

  **PmT-EC**       Amot-P130(En)        Cytoskeleton        \[8\]

  **HUVEC**\       Amotl1(En)           Unknown             \[15\]

  Amotl2(En)       Unknown              \[29\]              

  Epithelial                                                

  **HEK293**       Amot-p80(En)         Nucleus,cytoplasm   \[5\]

  Amot-p130(En)    Nucleus,cytoplasm    \[5\]               

  Amotl1(En)       Unknown              \[59\]              

  **HEK293T**\     Amot-p80(En)         Cytoskeleton        \[8,40\]

  Amot-p130(En)    Cytoskeleton         \[8,40\]            

  **MDCK**         Amot(En)             Cytoskeleton        \[6\]

  Amot-p80(Ex)     TJs                  \[20\]              

  Amot-p130(Ex)    TJs ,cytoskeleton,   \[20,58\]           

  Amotl2(En)       Cytoskeleton         \[58\]              

  **MCF 10A**\     Amot-p130(Ex)        Cytoskeleton        \[58\]
  \                                                         

  Amotl1(En)       Unknown              \[31,41\]           

  Amol2(En)        Unknown              \[31\]              

  **L**            Amot-p80(En)         Cytoskeleton        \[46\]

  **HK-2**         Amot(En)             Cytoplasm           \[6\]

  Cancer                                                    

  **HeLa**\        Amot-p130(Ex)        Cytoskeleton        \[58\]
  \                                                         

  Amotl1(Ex)       Cytoplasm            \[31\]              

  Amotl2(Ex)       Cytoplasm            \[31\]              

  **MCF-7**\       Amot(En)             Nucleus             \[19\]
  \                                                         

  Amot-p130(En)    Unknown              \[40\]              

  Amot-p80(Ex)     Cytoplasm            \[40\]              

  **MDA-MB-468**   Amotl1(En)           Cytoskeleton        \[41\]

  **BC52**         Amotl1(Ex)           Cytoskeleton        \[41\]

  **MG-63**        Amot(En)             Unknown             \[44\]

  **C4-2B4**       Amot-p80(En)         Nucleus,cytoplasm   \[46\]

  **786-o**        Amot(En)             Nucleus             \[6\]

  **ACHN**         Amot-p80(En)         Unknown             \[6\]

  **OVCAR3**\      Amot-p80(Ex)         Cytoplasm           \[50\]

  Amot-p130(Ex)    Cell membrane        \[50\]              

  **OAW28**\       Amot-p80(Ex)         Cytoplasm           \[50\]

  Amot-p130(Ex)    Cell membrane        \[50\]              

  **LCC**          Amot(En)             Cytoplasm           \[51\]

  **H441**         Amotl2(Ex)           Cytoplasm           \[62\]

  Other                                                     

  **SC4**          Amot (En)            Nucleus             \[5\]
  --------------------------------------------------------------------

En: Endogenous; Ex: Exogenous

###### 

The Function of Amot in normal cells or tissues

  Isoform                                       Cell or Tissue types                                                                                     Function                                                            Ref.
  --------------------------------------------- -------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------- ------------
  **Amot-p80**                                  MAE                                                                                                      Increasing the migration and the tube formation                     \[7,8,20\]
  MDCK                                          Inhibiting the function of Amot-p130                                                                     \[20\]                                                              
  Placenta, healthy rats                        Angiogenesis                                                                                             \[20,21\]                                                           
  **Amot-p130**                                 Placenta                                                                                                 Stabilization and maturation of the blood vessels                   \[20\]
  MAE                                           Regulating cytoskeleton organization and cell shape                                                      \[8,20\]                                                            
  HEK293,HEK293T, MDCK, MCF10A                  Activating Hippo signaling                                                                               \[17,56-61\]                                                        
  **Amotl1**                                    MAE                                                                                                      Regulating the endothelial migration and tight junction formation   \[9,23\]
  Zebrafish                                     Controling cell polarity and paracellular permeability                                                   \[15\]                                                              
  MAE                                           Increasing the velocity of migration                                                                     \[15,23\]                                                           
  Retina                                        Angiogenesis                                                                                             \[25\]                                                              
  HEK293T                                       Inhibiting the activation of YAP                                                                         \[17\]                                                              
  **Amotl2**                                    Zebrafish                                                                                                Regulating cytoskeletal organization                                \[18\]
  Umbilical vein endothelial cells, MAE cells   Promoting cell proliferation and migration and Regulating cell polarity                                  \[29\]                                                              
  Embryos                                       Affecting the final pattern and size of sensory organs                                                   \[30\]                                                              
  MCF10A                                        Inhibiting a change of cell morphology, epithelial-mesenchymal transition and the AKT and ERK pathways   \[31,32\]                                                           
  Muscle cell                                   Supporting the involvement of podosomes                                                                  \[33,34\]                                                           
  HEK293T                                       Inhibiting the activation of YAP                                                                         \[17,56\]                                                           
  Zebrafish                                     Attenuating Wnt/β-catenin signaling                                                                      \[30,68,69\]                                                        
  Angiogenic endothelial cells                  Promoting MAPK/ERK activation                                                                            \[29\]                                                              

###### 

The Function of Amot in cancers

  Amot Family         Cancer Types        Function                                                         Possible Mechanism                                                             Ref.
  ------------------- ------------------- ---------------------------------------------------------------- ------------------------------------------------------------------------------ --------------
  Amot                Breast cancer       Oncogene                                                         Increasing the expression of YAP, TAZ and LATS1 and enhancing ERK1/2 pathway   \[19,38-40\]
  Osteosarcoma        Oncogene            Unknown                                                          \[44,45\]                                                                      
  Amot-p80            Prostate cancer     Oncogene                                                         Unknown                                                                        \[46\]
  HNSCC               Oncogene            Unknown                                                          \[47\]                                                                         
  Amot-p130           Hepatic carcinoma   Oncogene                                                         Augmenting the activity of YAP                                                 \[5\]
  Renal cell cancer   Oncogene            Increasing the YAP-related TEAD promoter activity.               \[6\]                                                                          
  Ovarian cancer      Tumor suppressor    Inhibiting the activation of YAP target genes                    \[50\]                                                                         
  Lung cancer         Tumor suppressor    Sequestering oncogenic YAP/TAZ and decreasing Cyr61 expression   \[51\]                                                                         
  Amotl1              Breast cancer       Oncogene                                                         Stimulating Src activity                                                       \[41\]
  Cervical cancer     Oncogene            Unkown                                                           \[48\]                                                                         
  Amotl2              Colon cancer        Oncogene                                                         Disrupting the apical-basal polarity.                                          \[27\]
  Glioblastoma        Tumor suppressor    Inhibiting the activation of YAP target genes                    \[49\]                                                                         
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